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CAPÍTULO I: Phylogenetic relationships in Bulbostylis (Abildgaardieae: Cyperaceae) 
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Bulbostylis é um gênero parafilético de plantas heliófilas de pequeno porte,
aspecto  graminóide  e  hábito  normalmente  cespitoso,  com  a  maioria  de  suas
espécies adaptadas a ambientes secos. O gênero tem riqueza aproximada de 220
espécies, com distribuição pantropical e com centros de diversidade na África e
no Brasil. A acentuada semelhança morfológica entre grande parte das espécies
de  Bulbostylis está  associada  a  variações  morfológicas  ao  longo  de  uma
distribuição geográfica ampla, o que torna identificação de amostras do gênero
dependente de chaves dicotômicas e imagens com alto detalhamento. A redução
ou ausência de partes florais, característica da família, tem como implicação uma
taxonomia  apoiada  na  análise  minuciosa  da  morfologia  dos  aquênios.
Distinguimos  Bulbostylis dos demais gêneros da tribo Abildgaardieae por suas
espécies  possuirem  lâminas  foliares  com  até  0.5  mm  de  largura,  ápice  das
bainhas  foliares  com  tricomas,  células  da  superfície  do  aquênio  alongadas
longitudinalmente em relação ao corpo do aquênio e estilopódio persistente no
ápice. Aqui trazemos a primeira filogenia molecular com foco em  Bulbostylis; a
descrição  de  duas  espécies  novas,  Bulbostylis divaricata e  Bulbostylis
scabriculmis;  a  ampliação  da  distribuição  de  Bulbostylis rugosa e  Bulbostylis
contracta;  e  uma chave  de  identificação  para  as  espécies  sul-brasileiras  com
imagens em microscopia  eletrônica de varredura dos aquênios.  Os resultados
estão apresentados em três capítulos, sendo cada um adequado às normas para
publicação em revistas científicas pertinentes.
Palavras-chave—Taxonomia,  América  do  Sul,  monocotiledôneas,




Bulbostylis is  a  paraphyletic  genus  of  small  heliophitic  plants,  with
graminoid  appearance  and  a  usually  cespitose  habit.  Most  of  its  species  are
adapted to dry environments. The genus comprises 220 species with a pantropical
distribution  and  centers  of  diversity  in  Africa  and  Brazil.  The  morphological
similarity  between  most  of  the  species  currently  classified  as  Bulbostylis
isassociated with variations in the morphology of species along a large geographic
distribution, makes the identification dependent of identification keys and images
with high detail.  The reduction or absence of floral  pieces, characteristic in the
family, has as implication a taxonomy based on the detailed analysis of achene
morphology. Bulbostylis is different from other genera of the tribe Abildgaardieae
because their species have leaf blades up to 0.5 mm wide, apex of foliar sheaths
with trichomes, cells of the achene surface longitudinally elongated in relation to
achene body and stylopodium persistent on the achene apex. Here we present the
first  molecular  phylogeny  focused  in  Bulbostylis;  the  description  of  two  new
species,  Bulbostylis divaricata and  Bulbostylis scabriculmis;  the enlargement of
distribution of two other species, Bulbostylis rugosa and Bulbostylis contracta; and
an  identification  key  illustrated  with  images  generated  with  scanning  electron
microscopy  of  achenes  for  the  species  of  Southern  Brazil.  The  results  are
presented  in  three  chapters,  each  adapted  to  the  standards  for  publication  of
articles in relevant scientific journals.
Keywords—Taxonomy, South America, monocotyledons, Abildgaardieae,




Frequentemente  associada  a  ambientes  úmidos  e  com  distribuição
cosmopolita, a família Cyperaceae Juss.  nom. cons. figura como a terceira mais
rica  entre  as  monocotiledôneas  e  a  décima  entre  as  angiospermas,  com
aproximadamente 5680 espécies alocadas em 98 gêneros (Govaerts et al. 2016).
Carex L. é o maior gênero em riqueza, com aproximadamente 2000 espécies,
seguido por  Cyperus L., onde o número de espécies varia bastante conforme a
circunscrição (Muasya et al. 2002; Larridon et al. 2011a, b; Hinchcliff & Roalson
2013) e seguramente é maior do que 500. A classificação supragenérica dentro
da família diverge nos trabalhos mais recentes, com 14 tribos e quatro subfamílias
(Goetghebeur  1998)  ou  duas  subfamílias  (Muasya  et  al.  2009).  Cyperaceae
compõe um clado dentro da ordem Poales juntamente com a Juncaceae Juss.
nom.  cons.,  considerado  seu  grupo  irmão.  Dados  moleculares  e  morfológicos
suportam  Cyperaceae  como  monofilética  e  dividida  em  duas  subfamílias:
Cyperoideae  Beilschmied,  cosmopolita  e  expressivamente  mais  rica  que
Mapanioideae C. B. Clarke, restrita aos trópicos. Dentre os gêneros da família, 1/3
são monotípicos, ¼ possuem de 2 a 5 espécies, outros 7 (cerca de 6%) têm mais
de 200 espécies cada e o restante com o número de espécies entre 6 e 200
(Muasya  et  al.  2009,  APWeb  2017).  Bulbostylis está  classificado  na  tribo
Abildgaardieae,  que  como  boa  parte  da  família  passa  por  um  momento  de
instabilidade  taxonômica,  evidenciada  em  trabalhos  recentes,  como  o  de
Ghamkhar et al. (2007), a filogenia apresentada no primeiro capítulo desta tese e
o levantamento de Govaerts et al. (2007), esse último abrangente a toda família.
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As ciperáceas se distinguem macromorfologicamente das demais famílias
botânicas pela estrutura floral diminuta e pobre, o perianto ausente, reduzido ou
modificado em cerdas ou escamas,  o pequeno número de estames (1-3),  e o
óvulo único por ovário. Características importantes no nível microscópico incluem
pólen do  tipo pseudomônade, mais frequente, ou tipo “mapania” (Simpson et al.
2003),  os  cromossomos  holocinéticos,  e  os  corpos  silicosos  distribuídos  nos
diferentes órgãos das plantas. Estes caracteres também conferem singularidade à
família  e  têm  grande  valor  taxonômico.  As  espécies  da  família  apresentam
polinização  anemófila,  entomófila  ou  ambofila  e  dispersão  anemocórica,
hidrocórica ou atelocórica (Lye 2000, Costa et al. 2012).
Em relação à importância histórica, formas rudimentares de papel (papiro),
no Egito antigo, eram confeccionadas a partir  de fibras de  Cyperus papyrus L
(Figura1). Outros usos que se destacam são o alimentício, como matéria prima
para  artesanato  (Figura  2)  (MacÍa  &  Balslev  2000,  Hurtado  et  al.  2011),  na
ornamentação  de  lagos  e  jardins,  na  perfumaria,  como  medicinal  e  na
recuperação de áreas degradadas. Ao mesmo tempo, as ciperáceas são alvo de
toda uma literatura voltada à sua erradicação,  e  são tratadas como pragas a
serem combatidas com agroquímicos específicos às custas do envenenamento
do solo, da água e do alimento.
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Figura 1 a., b. Ciperáceas ornamentais. a. Cyperus papyrus L. de uso
milenar  na  confecção  de  papiro,  hoje  com  importância  econômica
devido  á  difusão  como  ornamental.  b.  Sombrinha-chinesa  (Cyperus
alternifolius L.)  Fotos:  a.  disponível  em
https://horomidis.gr/product/cyperus-papyrus-%CF%80%CE%B1%CF
%80%CF%85%CF%81%CE%BF%CF%83/?lang=en
e b. em http://www.plantmaster.com/share/eplant.php?plantnum=206
 
Figura  2  a-c.  Uso  tradicional  de  ciperáceas  na  alimentação  e  no
artesanato.  a.  ‘Chufas’  e  ‘horchata  de  chufas’.  As  ‘chufas’  são
produzidas a partir dos bulbos desidratados de Cyperus esculentus L e
‘horchata de chufas’ é uma bebida preparada com esse ingrediente,
tradicional  na Espanha. b.  ‘Horchateria de Santa Catalina’,  comércio
especializado em sevir horchatas há mais de dois séculos em Valencia,
Espanha. c. Artesanato equatoriano a partir de colmos de totora, que
no  Brasil  é  conhecida  como  junco  [(Schoenoplectus  californicus
(C.A.Mey.)  Soják]  de  grande  importância  cultural  e  econômica  para
povos  originários  e  tradicionais  da  América  Latina.  Fotos:  a  -  b
disponíveis  em  https://www.easyvoyage.co.uk/spain/l-horchata-de-
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chufa-6336; c em  https://lampa.evisos.cl/aresania-en-totora-esteras-id-
573110
O GÊNERO BULBOSTYLIS, DOS POPULARES CABELOS-DE-PORCO
Bulbostylis possui  distribuição  majoritariamente  pantropical,  e  algumas
espécies ocorrem em regiões temperadas quentes. Sua diversidade se concentra
na África tropical e na América do Sul, onde as espécies vegetam em ambientes
abertos e ensolarados, geralmente com solo seco e bem drenado ou ainda sobre
rochas. Deste modo contribui na diversidade desde campos densamente cobertos
pela vegetação a areais e dunas costeiras, onde o solo está bastante exposto. As
espécies  de  Bulbostylis também  podem  se  estabelecer  em  ambientes
recentemente perturbados pela ação antrópica na remoção da vegetação original,
aí cumprem importante papel na revegetação desses ambientes e na sucessão
ecológica.
O histórico de trabalhos com sistemática molecular em que são amostradas
espécies de Bulbostylis  é apresentado no artigo que consta no primeiro capítulo
desse  manuscrito,  ‘Phylogenetic  relationships  in  Bulbostylis (Abildgaardieae:
Cyperaceae) inferred from nuclear and plastid DNA sequence data’ aceito para
publicação  na  revista  Systematic  an  Biodiversity,  Natural  History  Museum  of
London, UK.
MORFOLOGIA DE BULBOSTYLIS
A caracterização morfológica aqui  proposta segue na linha de trabalhos
anteriores para o gênero e para a família, e trabalhos clássicos com ênfase em
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terminologia  e  morfologia  vegetal.  Para  se  identificar  uma  espécie  são
comparadas  as  diversas  estruturas,  muitas  vezes  com  o  auxílio  de
estereomicroscópios devido ao tamanho reduzido do fruto (tipo aquênio).  Esta
seção se destina a mostrar a diversidade morfológica que compõe o gênero, da
maneira mais abrangente possível.
Bulbostylis é um gênero composto por espécies herbáceas, em sua maioria
perenes,  de  hábito  cespitoso,  aspecto  graminoide,  rizoma  curto  e  sistema
radicular fasciculado bem desenvolvido. Os espécimes possuem de 5 a 80 cm de
altura e em geral não se destacam na paisagem, por estarem em ambientes com
diversas outras espécies com características macromorfológicas semelhantes e
por não possuirem cores chamativas, com folhas e colmos variando do paleáceo
aos diversos tons de verde, raro glaucos, e inflorescências em tons de castanho
claro, estramíneo, até castanho escuro quase preto.
Em  Bulbostylis  sellowiana (Kunth)  Palla  e  Bulbostylis  emmerichiae
T.Koyama (Figura 3a-e) a base das plantas apresenta restos de bainhas velhas,
desfiadas, que conferem aspecto lanoso à esta região, como resposta adaptativa
à  exposição  ao  fogo.  Bulbostylis  paradoxa (Spreng.)  Lindm.,  espécie  também
associada à ambiente com incidência de queimadas,  tem como proteção uma
base  caudiciforme  (Figura  4a,  b).  Já  Bulbostylis  leucostachya  C.B.  Clarke
apresenta  um  cáudice  ramificado  e  de  aspecto  bastante  peculiar  quando
comparado à morfologia vegetativa da maioria das espécies do gênero.
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Figura 3. Parátipo de Bulbostylis emmerichiae. a. Hábito; b. Aquênios com estilopódio
decíduo; c. Base da planta; d. Inflorescência fasciculada; e. Etiquetas de herbários.
[Harley & Souza 10146 (K000632283)].
Figura 4. Cáudex em  Bulbostylis. a.  Bulbostylis leucostachya C.B. Clarke [Gaillard
105  P00234919];  b.  Bulbostylis  paradoxa (Spreng.)  Lindm  [Glaziou  22326
(P00238355)].
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O colmo em  Bulbostylis  é  escaposo,  rígido  e  ereto,  não  ramificado.
Geralmente cilíndrico ou achatado lateralmente, costelado ou liso, glabro, piloso-
híspido ou escabroso. Porta no ápice brácteas involucrais, folhosas na maioria
das espécies, com pilosidade ou escabrosidade desde escassa a abundante nos
bordos, e inflorescências complexas. Os diferentes padrões das sinflorescências
serão  discriminados  mais  adiante  em  seções  próprias.  Espiguetas  prolíferas
foram verificadas em Bulbostylis subaphylla C.B. Clarke (Figura 3c).
A folha típica é sempre basal, com bainha fechada tubular,  ausência de
lígula, com dois tufos de tricomas no ápice, referidos também na literatura como
‘tricomas na boca da bainha’. Bulbostylis sp. nov. (cap. 2, Figure 6 e, f, capítulo 2,
p.72 ) e Bulbostylis juncoides (Vahl) Kük. ex Herter possuem lígula pilosa pouco
desenvolvida em alguns espécimes e, quando presente, varia na orientação, de
oblíqua a transversal em relação à folha. A maioria das espécies possui folhas
com lâminas desenvolvidas, escabrosas (Figure 6 c, d, capítulo 2, p. 72), piloso-
híspidas (Figura  6  c)  ou  glabras  com 1/3  a  2/3  do  comprimento  dos colmos.
Lâminas  foliares  com  menos  de  ¼  do  comprimento  dos  colmos  foram
encontradas em B. brevifolia Palla, B. subaphylla (Figura 5 a, b)  e Bulbostylis sp.
nov. (Figure 1 e Figure 2,  capítulo 2, p. 66).
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Figura  5. Bulbostylis  subaphylla C.B.  Clarke.  a.  hábito;  b.  detalhe da base,  com
lâminas  foliares  pouco  desenvolvidas;  c.  espigueta  prolífera  (Harris  12890  /
K000632305).
Brácteas involucrais foliáceas, raro glumiformes, curtas, exceto a basal
que  pode  ser  maior  que  o  diâmetro  da  inflorescência,  as  demais  cada  vez
menores no sentido da base para o ápice da inflorescência (Figura 9 a, b, e).
Inflorescência com  uma,  poucas  ou  centenas  de  espiguetas.  Em
Bulbostylis,  como no  restante  da  família  Cyperaceae,  as  espiguetas  são uma
importante unidade a ser analisada na delimitação das espécies. A quantidade e
disposição  espacial  das  espiguetas  na  inflorescência  são  aspectos  a  serem
levados em conta nessa análise. A ráquila é o eixo onde estão fixadas as glumas
e  as  flores,  geralmente  em  arranjo  espiralado,.  A  quantidade  de  flores  e  a
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configuração da inflorescência podem variar muito em algumas espécies, como B.
juncoides e  Bulbostylis  communis M.G.  López  &  D.A.  Simpson,  esse  último
fielmente ilustrado em López & Simpson (2012).
Nas espécies do gênero  Bulbostylis, reconhecemos os seguintes tipos de
inflorescências:
Uniespicado,  com  apenas  uma  espigueta  no  ápice  do  colmo.  Pouco
frequente,  e  em  algumas  espécies  pode  ser  resposta  morfológica  de  alguns
indivíduos a especificidades ambientais (Figura 7 a, b; Figura 8 a, d).
Figura 6 a-d. Isótipo de Bulbostylis vestita (Kunth) C.B.Clarke. a. Hábito; b.
Inflorescência  antelódio  de  fascículos;  c.  Folhas  e  colmos  híspido-
tricomatosos; d. Etiqueta com informações sobre a tipificação [Weigelt s.n.
K!]
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Figura  7.  a–e.  Isótipo  de  Bulbostylis  splendens  M.T.Strong.  a.  Hábito;  b.
inflorescência com ráquila exposta (seta); c. Aquênio do tipo tuberculado com
filete ainda ligado à base; d. comparativo entre gluma e aquênio; e. bainhas
foliares  vináceas  com tricomas  alvos  no  ápice  [G.  T.  Prance  et  al.  6016
(K000632279)].
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Figura 8. a–f. Isótipo de  Scirpus tenuispicatus Boeck. [sinônimo de
Bulbostylis  funckii  (Steud.)  C.  B.  Clarke]  a.  Hábito;  b.  Gluma  e
aquênios de espiguetas apicais; c. Gluma e aquênios de espiguetas
basais,  d.  Espigueta  apical;  e.  Base  da  planta  com  aquênios,  f.
Etiquetas de herbarios. [Schaffner s.n. (P00234911)].
Capítulo (Figura 9 a, b) ou fascículo (Figura 10 a, c), de formato globoso
ou turbinado,  com espiguetas sésseis fixas  espiraladamente a uma ráquila.  A
diferenciação entre os dois tipos se dá a partir do número de espiguetas, com o
fascículo  formado  por  até  5  espiguetas  e  o  capítulo  com  mais  de  5  dessas
unidades.  O  formato  hemisférico  foi  verificado  em  Bulbostylis  amambayensis
Barros  (Figura  11  a,c)  e  Bulbostylis  guaglianoneae M.  G.  López.  Turbinado
pseudo-lateral  (Figura  9  b)  em  Bulbostylis  scabriculmis sp.  nov.,  descrito  e
ilustrado no Capítulo 2.
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Figura  9.  a–e.  Inflorescência  e  brácteas de  Bulbostylis  sp.  a.
Inflorescência com tricomas evidentes nas margens da base das
brácteas involucrais.  b.  Inflorescência  pseudolateral.  c.  Gluma
em vista dorsal. d. Detalhe dos tricomas na superfície dorsal da
gluma.  e.  Sequência  de  brácteas  involucrais  de  uma  mesma
inflorescência.em vista dorsal: quanto maior mais basal. [a. L.B.
Smith  14499  (FLOR);  b.–e.  R.  Ardissone  &  A.  Vanzela  430
(ICN)].
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Figura 10 a-c. Isótipo de Bulbostylis distichoides Lye. a. Hábito; b.
Etiquetas de herbário; c. Espiguetas com glumas dísticas. [Harley
19356 (K000188999)].
Figura  11.  a-d.  Isótipo  de  Bulbostylis  spectabilis  Kral  &  M.T.
Strong (sinônimo de Bulbostylis amambayensis Barros). a. Hábito;
b. Etiquetas de herbários; c. Inflorescência; d. Etiqueta Eletrônica.
[Koyama 13848].
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Antelódio simples (Figura 12 a) ou composto (Figura 13 a, b; Figura 14
a,  b),  com  espiguetas  isoladas,  binadas,  em  fascículos  ou  capítulos  nas
extremidades dos pedúnculos, onde o comprimento dos pedúnculos no antelódio
o torna laxo ou congesto, com as espiguetas terminais mais distantes ou próximas
da central séssil, respectivamente. Uma característica importante a observar nos
antelódios é a orientação dos pedicelos, se ascendentes, e este é o tipo mais
frequente (Figura 14 a, b; Figura 15 a) ou divergentes (Figura 12 a; Figura 13 a).
Deve-se  tomar  em  conta  inflorescências  plenamente  desenvolvidas  para
estabelecer de que tipo são. Antelódios jovens sempre têm eixos ascendentes,
porém algumas espécies mudam de orientação em inflorescências plenamente
desenvolvidas.  Bulbostylis  wanderleyana A.  Prata  &  M.G.  López,  Bulbostylis
jacobinae (Steud.) Lindm. (Figura 12) e Bulbostylis loefgrenii (Boeckeler) A. Prata
& M.G. López, por exemplo, passam a ter eixos divergentes quando maduras.
Figura  12.  a-c.  Bulbostylis  sp.  a.
Inflorescência  antelódio  simples  de
eixos  divergentes;  b.  Inscrições  de
C.B.  Clarke;  c.  Etiqueta  eletrônica
[Koyama 13848].
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Figura 13 a-d. Isótipo de Bulbostylis jacobinae (Steud.) Lindm.
a. Hábito; b. inflorescência antelódio composto de espiguetas
isoladas nas extremidades; c. Aquênio; d. Etiquetas de herbário
[Blanchet 3744 (K000189922)].
Figura 14 a-d. Isótipo de Bulbostylis stenocarpa Kük. a. Hábito;
b.  Inflorescência  tipo  antelódio  composto  de  eixos
ascendentes;  c.  Etiqueta  eletrônica;  d.  Etiqueta  com
informações sobre a tipificação [Ule 8069 K000307833].
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A espigueta em Bulbostylis apresenta glumas densamente arranjadas em
espiral (Figura 8 d; Figura 12 a), raro dísticas (Figura 10 c), decíduas, onde cada
gluma subtende uma flor bissexual. As glumas são naviculares (Figura 9 c), 1,5 -
3 × 1 – 2.5 mm, carenadas; face abaxial (externa) convexa, pilosa, esverdeada e
ou estramínea na carena e nos bordos, com manchas castanhas nas laterais;
face  adaxial  (interna)  côncava,  lisa,  lustrosa,  glabra,  bordo  curtamente  ciliado
(visível apenas à lupa ou ao microscópio). O ápice das glumas pode ser agudo,
obtuso ou emarginado, mútico, mucronado ou mucronulado.
Figura  15  a-c.  Isótipo  de  Bulbostylis  schomburgkiana (Steud.)
M.T.Strong.  a.  Hábito;  b.  Aquênios;  c.  Etiqueta  de  herbário
[Schomburgk 1023 K000632280].
As flores são bissexuais e têm um a três  estames de filetes alongados,
achatados  dorso-ventralmente  e  protegidos  pela  gluma,  anteras oblongas,
basifixas, com conetivo prolongado, cerdas perigíneas ausentes, estilete achatado
dorso-ventralmente, liso, alongado, estigma trífido, raro bífido, exserto, papiloso,
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estilopódio distinto,  espessado,  bulboso,  persistente no ápice do aquênio, raro
decíduo ou indistinto.
Fruto tipo aquênio (Figura 3 b; Figura 7 c; Figura 8 b, c; Figura 13 c; Figura
15 b), 0,6 – 1,5 mm de comprimento, esbranquiçado, castanho ou quase negro,
trígono  arredondado,  raro  biconvexo.  Obovoide  ou  obcônico,  raro  cordado,
oblongo ou piriforme; superfície tuberculada, reticulada, transversalmente rugosa,
suavemente ondulada ou lisa. Células da superfície alongadas longitudinalmente
em relação ao fruto, com ou sem corpos silicosos. Anficarpia rara, verificada em
Bulbostylis funckii (Steud.) C. B. Clarke (Figura 13 d).
Objetivos
O presente estudo tem como objetivos aprofundar o conhecimento acerca
das relações filogenéticas dentro do gênero  Bulbostylis e desse com os demais
que compõem a tribo Abildgaardieae, e fornecer meios para a identificação das
espécies de Bulbostylis que ocorrem na Região Sul do Brasil.
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Abstract
Previous molecular phylogenetic analyses of the family Cyperaceae based on rbcL
sequences  showed  Bulbostylis as  paraphyletic,  with  B.  atrosanguinea  and  B.
hispidula forming a clade with Nemum spadiceum. On the contrary, phylogenetic
analyses of the tribe Abildgaardieae based on nuclear (ITS ribosomal region) and
plastid sequences (trnL-F region) showed  Bulbostylis as monophyletic, although
they only incorporated four species of  Bulbostylis  and none of Nemum.  In this
work, we present, for the first time, a phylogenetic hypothesis of Bulbostylis based
on a comprehensive sampling including  species from different  continents.  New
sequences of Abildgaardia, Crosslandia, Fimbristylis and Nemum were included to
test the monophyly of Bulbostylis. In total, eighty-four sequences of both ITS and
trnL regions were generated. Analyses were performed using Bayesian inference,
maximum likelihood, and parsimony. Ancestral state reconstruction was performed
using  ML,  MCMC  and  parsimony  methods. In  all  analyses,  Bulbostylis was
paraphyletic as Nemum atracuminatum is nested within it. Most American species
of  Bulbostylis grouped  together,  but  relationships  among  them  appear  poorly
resolved. Ancestral state reconstructions of native distribution suggest an African
ancestor  of  the  Bulbostylis-Nemum  complex,  with  at  least  three  independent
introduction  events  of  the  genus  into  the  Americas.  Morphological  diagnostic
characters  such  as  “style  base  permanence”  or  “detachment  from  the  ripe
achene”,  and  the  “micromorphological  patterns  of  the  achene  surface”  are
homoplastic in this phylogenetic context and, therefore, unsuitable for proposing
infrageneric groupings within Bulbostylis.
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Introduction
The genus Bulbostylis Kunth nom. cons. is included in tribe Abildgaardieae
(sensu  Goetghebeur,  1998),  together  with Abildgaardia Vahl,  Crosslandia W.
Fitzg.,  Fimbristylis Vahl,  Nelmesia Van der Veken, and  Nemum Desv. ex Ham.
Bulbostylis has  c. 200  species  (Govaerts  et  al.,  2016)  with  a  pantropical
distribution,  mainly  concentrated  in  South  America  and  tropical  Africa
(Goetghebeur, 1998). In previous studies,  Bulbostylis has been characterized by
long hairs at the mouth of the leaf sheath, spikelets with deciduous glumes, 3(2)-
fid styles with their base thickened and persistent (rarely deciduous) on the ripe
fruit, trigonous (rarely biconvex) achene with the pericarp cells vertically elongated
and commonly with silica bodies (=silicophytoliths), and  Bulbostylis-type embryo
(Barros,  1947;  Goetghebeur,  1998;  Goetghebeur  &  Coudijzer,  1984,  1985;
Gonzalez & López, 2010; Guaglianone, 1970; Kral,  1971; Kral & Strong, 1999;
Lye, 1971; Pedersen, 1969; Svenson, 1957; Van der Veken, 1965).
Based  on  morphological  characters  some  authors  have  attempted  to
establish infrageneric categories for this complex genus of Cyperaceae. Clarke
(1908),  for  a  reduced  number  of  species,  proposed  infrageneric  groupings  for
Bulbostylis according to inflorescence configuration and the number of stigmatic
branches.  These  groupings  are  not  currently  accepted,  since  most  species  of
Bulbostylis have  a  trifid  style  and  inflorescences  are  highly  variable  (e.g.  B.
35
juncoides (Vahl) Kük. ex Herter and B. communis M.G. López & D.A. Simpson),
even  among  individuals  of  the  same  population.  López  (2012)  and  López  &
Gonzalez (2017) in their taxonomic study of  Bulbostylis for the southern part of
South  America,  observed  that  the  most  stable  characters  for  distinguishing
Bulbostylis species are related to micromorphology of fruit surface, particularly the
presence  or  absence  of  silicophytoliths  in  the  exocarp  cells.  Based  on  these
characters,  López  (2012)  and  López  &  Gonzalez  (2017)  suggest  informal
groupings for Bulbostylis (Table 1). 
Up to  now,  no  molecular  phylogenetic  studies  have attempted to  clarify
relationships in Bulbostylis. Phylogenetic analyses of the Cyperaceae family based
on  rbcL sequence data (Muasya,  Simpson, Chase, & Culham, 1998; Muasya et
al., 2009;  Simpson et al., 2007) have included a  limited sampling of this genus.
Based only in two species of Bulbostylis [B. hispidula (Vahl) R.W. Haines and B.
atrosanguinea  (Boeckeler)  C.B.  Clarke],  these  studies  showed  Bulbostylis as
paraphyletic, with B. atrosanguinea and B. hispidula forming a clade with Nemum
spadiceum (Lam.) Desv. ex Ham. On the other hand, phylogenetic analyses of the
tribe  Abildgaardieae  based  on  nuclear  (ITS  ribosomal  region)  and  plastid
sequences (trnL-F region) (Ghamkhar,  Marchant, Wilson, & Bruhl, 2007) showed
Bulbostylis as monophyletic; however this phylogenetic hypothesis included only
four species of Bulbostylis and none of Nemum.  
In this work, to clarify the evolutionary history of the Bulbostylis and to test
the validity  of  the infrageneric groups proposed by  López (2012) and López &
Gonzalez  (2017), we  increased  the  sampling  of  Bulbostylis including  other
Abildgaardieae species and used molecular data based on the nuclear internal
transcribed  spacer  (ITS)  region  and  the  plastid  trnL  region.  Additionally,  we
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Our  sampling  consists  of  39  species  of  Bulbostylis,  and  18  species
representing six other genera of tribe Abildgaardieae, and of the closely related
tribe Arthrostylideae. Sequences to represent genera of both tribes were selected
from Ghamkhar et  al.  (2007),  Muasya et al.  (1998,  2009),  and Simpson et  al.
(2007). Actinoschoenus composita is here included following results by Ghamkhar
et al.  (2007) where this species is clearly apart from  Fimbristylis;  however, the
valid name would be Fimbristylis composita until a new combination is accepted.
Additionally, we included seven putative new species of Bulbostylis, whose names
are being published independently of this phylogeny (Ardissone ined.). A complete
list of taxa, voucher information, their locations, and GenBank accession numbers
for DNA sequences are shown in Table 1. A total of 84 out of 117 sequences were
generated in this work; 33 were downloaded from GenBank. Plant material was
collected  in  the  field  and dried  in  silica  gel  (voucher  specimens stored at  SF,
CTES, ICN or FLOR) or amplified from herbarium specimens (Table 1).
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DNA extraction, amplification, and sequencing
Total  DNA  was  extracted  from  silica-dried  culms  and  leaves  using  a
modified  CTAB protocol  by  Doyle  & Doyle  (1987),  or  from herbarium material
using  the  DNeasy  Plant  Mini  Kit  (Qiagen,  Hilden,  Germany)  following  the
manufacturer's instructions. The internal transcribed spacer region comprising the
ITS1-5.8S-ITS2 nuclear ribosomal DNA (ITS) was amplified by the polymerase
chain reaction (PCR), using primers 17SE and 26SE designed by Sun,  Skinner,
Liang, & Hulbert, (1994). The cpDNA trnL UAA intron was amplified using primers
C and D by Taberlet, Gielly, Pautou, & Bouvet (1991). Reactions were performed
on a TGradient Thermocycler (Biometra, Göttingen, Germany) in 25 µL volume
containing template DNA, 0.25 µM of each primer, 25 µM dNTP, 5 mM MgCl2, 1×
buffer and 1.5 units of Taq polymerase. PCR amplifications for ITS were carried
out under the following conditions: initial denaturation (94°C for 3 min) followed by
38  cycles  of  denaturation  (94°C  for  30  sec),  annealing  (53°C  for  1  min)  and
elongation (72°C for 90 sec) and a final elongation at 72°C for 10 min. Thermal
cycling  parameters  for  trnL  were:  an  initial  denaturation  step  (3  min,  94°C)
followed by 38 cycles of denaturation (30 sec, 94°C), annealing (1 min, 50°C) and
elongation (90 sec, 72°C) and a termination step of 10 min at 72°C. In species for
which these parameters were unsuccessful, variation in the annealing temperature
were used (48 - 55 ºC). Additionally, PCR additives and enhancing agents [bovine
serum albumin, dimethyl sulfoxide, Q of the Taq PCR Core Kit  (Qiagen)] were
used  to  increase  the  yield,  specificity  and  consistency  of  PCR  reactions.  To
confirm the presence of a simple product of  the amplified DNA, PCR products
were electrophoresed using a 1% agarose gel in a 1× Tris-acetate-EDTA (TAE)
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buffer,  stained with GelRedTM Nucleic Acid Gel Stain (BIOTIUM) and visualized
under UV light. PCR products were cleaned and sequenced by Macrogen, Inc.
(Seoul, Korea) using the ABI PRISM BigDye Terminator Cycle Sequencing Kits
with AmpliTaq DNA polymerase (Applied Biosystems, Seoul, Korea). Both forward
and reverse strands were sequenced; single-pass sequencing was performed on
each  template  using  the  same  primers  used  for  PCR  reactions.  Editing  and
assembling of sequences was conducted using the ChromasPro v.1.7.5 program
(Technelysium  Pty,  Ltd),  which  was  also  used  for  checking  the  quality  of
sequences.  Sequence  alignments  were  performed  using  Muscle  v.3.8  (Edgar,
2004), and inspected by eye using BioEdit v.7.2.0 (Hall, 1999). Aligned matrices
were submitted to TreeBase (accession no. xxxxx).
Phylogenetic analyses
Phylogenetic analyses were conducted for individual (ITS or trnL intron) and
combined ITS+trnL intron data sets under  parsimony (P),  Maximum Likelihood
(ML) and Bayesian Inference (BI).  The P analyses were performed using TNT
v.1.1 program (Goloboff,  Farris, & Nixon, 2003, 2008) under heuristic searches
with  1,000  random  addition  sequences  and  Tree  Bisection  and  Reconnection
branch swapping (TBR), retaining a maximum of 2 trees in each replicate. The
optimal  trees  obtained  were  then  submitted  to  a  new  round  of  TBR  branch
swapping  to  completion.  All  characters  were  equally  weighted,  treated  as
unordered, and gaps were scored as missing data. Prior to heuristic searches, all
uninformative characters were deactivated. To evaluate the relative support  for
individual clades, bootstrap analysis (Felsenstein, 1985) was performed using a
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total of 10,000 replicates. The ML analyses were carried out using RAxML v.8.2.4
(Stamatakis,  2014),  conducted  on  the  CIPRES  Science  Gateway  Web  server
(https://www.phylo.org). We  selected  the  GTRGAMMA  model  and  the  rapid
bootstrapping algorithm and ran 1,000 bootstrap replicates. Bootstrap values (BS)
over 50% are reported for both P and ML analyses. For BI, we used the Bayesian
Markov  Chain  Monte  Carlo  (MCMC)  method,  implemented  in  MrBayes  v.3.2
(Ronquist et al.,  2012) on the CIPRES Science Gateway. Models of nucleotide
substitution  were  determined  by  the  Akaike  Information  Criterion  (AIC)  using
jModelTest  v.2.1.6  (Darriba,  Taboada,  Doallo,  &  Posada,  2012);  the  model
selected was different  for  each partition analyzed; ITS1:  TIM2ef+G,  5.8S: K80,
ITS2:  SYM+G,  and  trnL:  TIM3+G.  Two  simultaneous  runs  of  10  million
generations, with random starting trees, were performed and sampled every 1,000
generations. The first 2,500 trees of each run (25%) were discarded as burn-in.
The  remaining  trees  (15,002)  were  combined  to  obtain  the  50% majority  rule
consensus tree. Posterior probability (PP) values > 0.65 were recorded on the
tree.
Ancestral state reconstruction
The native distribution was coded as a three-state character (0, America; 1,
Africa; 2, Asia+Oceania). The character state assignment was based on Govaerts
et al. (2007), herbarium specimens, and the information available in the portals
Tropicos (http//www.tropicos.org) and e-Monocot (http://families.e-monocot.org).
Ancestral  state  reconstruction  was  performed  using  ML,  MCMC  and
parsimony methods. Parsimony reconstruction was carried out in Mesquite 3.04
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software (Maddison & Maddison, 2015) using the ‘trace character history’ option
(character  states  were  treated as  unordered).  The reconstruction with  ML and
MCMC  methods  was  performed  using  the  ‘mulstistate’  module  in  BayesTraits
software (Pagel, Meade, & Barker, 2004). In order to choose a model for MCMC
runs,  an  initial  ML  run  was  carried  out  with  15,002  trees  to  set  the  range  of
hyperprior (0-779) and seed an exponential distribution. Many exploratory chains
had to be run to establish a correct rate deviation parameter (ratedev = 60) for the
characters in order to achieve an approximate 20-40% acceptance rate. Once all
the MCMC parameters were set, ancestral states were estimated using the Most
Recent Common Ancestor (MRCA) command, which finds the proportion of the
likelihood associated with each of the possible states at the nodes. The analysis
was  run  for  10  million  generations,  discarding  the  first  million  as  burn-in  and
sampling  every  1,000th generation  to  ensure  independence.  Convergence  and
ESS were checked with Tracer v1.5.0 (Rambaut & Drummond, 2007). The ‘fossil’
command was performed to test whether a particular state was significantly more
likely at each node. The results of these MCMC runs were tested by estimating
Bayes  factor  (BF),  an  approach  based  on  smoothed  estimates  of  marginal
likelihood  analyzed  with  Tracer  v1.5.0  (Rambaut  &  Drummond,  2007),  which
applies  the  method  used  by  Newton  &  Raftery  (1994)  with  modifications  by
Suchard, Weiss & Sinsheimer (2001).
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Results
The data matrix of the entire ITS region consisted of 59 sequences and 589
aligned characters, of which 219 were parsimony-informative; the length of the ITS
sequences within the ingroup varied from 507 base pairs (bp) (B. sphaerocephala)
to 545 bp (B. paradoxa).  Parsimony analysis yielded 864 shortest trees of 807
steps (CI=0.445; RI=0.788). The trnL intron alignment included 58 sequences and
664 characters, of which 89 were informative in the P analysis; the length of the
trnL intron sequences within the ingroup varied from 485 bp (N. atracuminatum) to
573  bp  (B.  mucronata). The  trnL  intron data  set  resulted  in  6,972  most
parsimonious trees with a length of 171 steps (CI=0.667; RI=0.922). The strict
consensus trees from individual  ITS and  trnL intron analyses are found in  the
supplement (Fig.  S1, S2).  For each of both markers, BI,  ML, and P recovered
similar topologies, showing similar clades with high confidence values. Hence, we
present the best ML trees from ITS (Fig. 1) and trnL intron (Fig. 2) data.
The concatenated data set (ITS+trnL intron) included 61 sequences and
consisted of 1,253 characters, of which 308 are parsimony-informative. Parsimony
analysis resulted in 198 optimum trees of 1,019 steps (CI=0.464; RI=0.808); the
strict consensus tree is shown in Fig. S3. The best ML tree from the combined
analysis  is  illustrated  in  Fig.  3.  Similar  to  results  of  both  ITS  and  trnL  intron
individual partitions, the topologies obtained for the combined ITS+ trnL intron data
set by P, IB and ML analyses were highly congruent.
In all analyses conducted for individual (ITS or  trnL intron) and combined
(ITS+trnL  intron)  data  sets,  the  genus  Bulbostylis is  paraphyletic  as  Nemum
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atracuminatum is embedded within it.  The ‘Bulbostylis-Nemum clade’ is sister to a
clade including all  other Abildgaardieae species:  the ‘Abildgaardia-Crosslandia-
Fimbristylis clade’ (Figs. 1-3 and S1-3). 
In all three ML hypotheses, the Bulbostylis-Nemum clade is well-supported
and includes a derived clade that comprises most American species of Bulbostylis
(hereinafter  referred  to  as  ‘American  clade';  Figs.  1-3).  However,  the  three
hypotheses show differences in the order of divergence of basal species, as well
as  in  the  composition  and  support  of  subclades.  Other  minor  groups  are
recognized: a well-supported subclade is formed by  Bulbostylis conifera and B.
paradoxa,  in the ITS and combined analyses, where both species are included
(Figs.  2  and  3);  a  subclade  is  composed  by  B.  funckii,  B.  hispidula and  B.
pseudoperennis (in the ITS and combined analyses, Figs. 1 and 3), or only by B.
hispidula and B. pseudoperennis (in the trnL intron analysis, where B. funckii is not
included, Fig. 2), forming highly-supported clades, respectively.
Incongruences among the trees from the individual and combined data sets
are related to the location of: 1) B. macra, B. pusilla and B. scleropus, which form
a polytomy within the American clade (trnL intron tree; Fig. 2), or group together in
one  highly-supported  clade  but  not  related  to  the  American  clade  (ITS  and
combined  trees;  Fig.  1  and  3);  and  2)  B.  junciformis, B.  scabricaulis, B.
sphaerocephala and B. stenocarpa, which form a moderately to highly-supported
clade outside the American clade (trnL intron tree; Fig. 2), or alternatively form a
polytomy (ITS tree; Fig. 1), or a moderately to highly-supported clade (combined
tree; Fig. 3), within the American clade.  
The American clade in the ITS and combined ITS+trnL intron trees consists
of  all  American  species:  Bulbostylis  aspera, B.  capillaris,  B. communis,  B.
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consanguinea,  B. contracta,  B. hirtella,  B. junciformis,  B. juncoides,  B. loefgrenii,
B.  rugosa,  B.  scabra,  B.  sphaerocephala, B.  sphaerolepis,  B.  stenocarpa,  B.
subtilis, B. wanderleyana, all unpublished species of Bulbostylis (sp1-sp8) and two
species  not  found  in  America:  B.  densa and  B.  scabricaulis  (Figs.  1  and  3).
Additionally, the American clade in the trnL intron tree is similar to that observed in
the  ITS  and  ITS+trnL  intron trees,  although  not  including  B.  junciformis,  B.
scabricaulis,  B.  sphaerocephala nor  B.  stenocarpa,  (B.  contracta is  not
represented  by  a  trnL  intron sequence),  and  contains  three  additional  African
species: B. pusilla, B. scleropus and B. macra (Fig. 2).
Within  the  American  clade,  relationships  among  species  are  barely
resolved. For such clade, both the ITS and combined ITS+trnL intron trees show
weakly  to  moderately-supported  monophyletic  groups  (B.  sp6+B.  loefgrenii,  B.
sp1+B. sp2,  B. rugosa+B. sp7,  B. scabra+B. sphaerolepis,  B. wanderleyana+B.
sp3,  B.  sp5+B.subtilis;  Figs.  1  and  3),  which  do  not  match  the  weakly  to
moderately-supported groups retrieved for the American clade in the  trnL intron
ML tree  (B.  subtilis+B.  sp3,  B.  sp5+B.  communis,  B.  sp1+B.consanguinea,  B.
wanderleyana+B. sp7+B. sp6; Fig. 2). 
The ancestral state reconstruction of the native distribution (Fig. 4) suggests
an African ancestor of the  Bulbostylis-Nemum complex based both on P and BI
(lnBF = 2.83). Additionally, the introduction of species of Bulbostylis to America is
reconstructed here in three independent events; with the American clade being the
most diversified after colonization. If  B. densa and B. scabricaulis are included in
the  American  clade,  both  species  represent  posterior  reintroduction  to  Africa
probably  by  long  dispersal  events.  The  introduction  of  species  to  Asia  and
Oceania is reconstructed as several independent events. 
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Discussion
This work is the most comprehensive phylogenetic study of  Bulbostylis to
date, including species from different continents. A previous work (Ghamkhar et al.
2007) that  examined  Bulbostylis,  only  incorporated four species,  three of them
Australian, and one native to Africa. Our phylogenetic results show a paraphyletic
Bulbostylis, with Nemum atracuminatum nested within the genus. These findings,
along with those results obtained by Muasya et al. (1998, 2009) and Simpson et
al.  (2007),  who  observed  a  close  relationship  between  B.  atrosanguinea, B.
hispidula and N.  spadiceum,  are  strong  signals  to  consider  Bulbostylis and
Nemum as part of a natural group.
The presence in both genera of woolly hairs at the mouth of leaf sheaths
(Goetghebeur, 1998; Goetghebeur & Coudijzer, 1984; Larridon et al., 2008) and of
a wide turbinate embryo with the embryonic axis totally recurved and the radicle
and plumule in basal position (=Bulbostylis-type embryo;  Van der Veken, 1965),
represent  probable  synapomorphies of  the  Bulbostylis-Nemum clade.  Unlike
Bulbostylis and  Nemum,  in  Abildgaardia,  Crosslandia and  Fimbristylis the leaf
sheaths orifice is glabrous (Goetghebeur, 1998; Goetghebeur & Coudijzer, 1984),
and  the  embryo  is  about  turbinate  with  the  radicle  in  lateral  position  and  the
plumule in basal position (=Fimbristylis-type embryo; Van der Veken, 1965), or it is
similar to those of Bulbostylis-type but with a great development of the second leaf
and with a third additional leaf (=Abildgaardia-type embryo; Van der Veken, 1965).
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Within  Bulbostylis, none  of the  infrageneric  groups suggested by  López
(2012) and by López & Gonzalez (2017) based on micromorphology of achene
surfaces  were  retrieved  as  monophyletic  in  our  molecular  phylogenetic  study
(Fig.4; Table 1). López (2012) and López & Gonzalez (2017) proposed three large
groups of species: a) fruit exocarp without silicophytoliths (group 1; Figs. 5.1, 5.2);
b) fruit exocarp with silicophytoliths of undefined shape, which occupy most of the
cell (group 2; Figs. 5.3, 5.4); and c) fruit exocarp with silicophytoliths of defined
shape, located at the center of the cell or excentrically (group 3; Figs. 5.5, 5.6).
Our  results  show  the  limited  value  of  the  fruit  micromorphology  to  establish
infrageneric groups in Bulbostylis. 
Otherwise,  the  current  phylogenetic  context reveals  the  homoplasic
condition of the diagnostic character “style-base permanence on the ripe fruit”. The
style  base  duration  has  been  commonly  used  to  differentiate  Bulbostylis from
Abildgaardia and  Fimbristylis.  The style  base  is  a  persistent  structure  in  most
species  of  Bulbostylis and  a  deciduous  one  in  Abildgaardia and  Fimbristylis.
However,  this  character  is  not  decisive,  since there are  species of  Bulbostylis
without  persistent  style  base  (e.g.  B.  communis,  B.  hispidula, B.  sellowiana).
Moreover, the species of  Bulbostylis with a deciduous style base included in the
analyses,  B.  communis and  B.  hispidula,  do  not  form  a  clade  in  any  of  the
analyses. Although Nemum atracuminatum also present a deciduous style base,
this species is apart from B. communis or B. hispidula.
The  deciduous  style  base  of  B.  communis and  B.  hispidula belong  to
different morphological types according to Reutemann, Vegetti, & Pozner (2012).
These authors describe two types of style base: 1) Bulbostylis type, which has two
joints: one at the ovary apex and another one at the distal end of the style base
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(Figs. 5.7, 5.8); and 2)  Abildgaardia-Fimbristylis  type, with a single joint with the
ovary apex (Figs. 5.9, 5.10). B. communis has a Bulbostylis-type style base (which
is typical  of  Bulbostylis species),  whereas  B. hispidula shows an  Abildgaardia-
Fimbristylis-type (which is typical of  Abildgaardia and  Fimbristylis  species). In  B.
hispidula,  the  presence of  an  Abildgaardia-Fimbristylis-type style  base has led
other authors to consider this taxon as  Fimbristylis; however, the presence of a
Bulbostylis embryo type and woolly hairs at the apex of the leaf sheath emphasize
its association to  Bulbostylis. Our phylogenetic analyses support the inclusion of
B. hispidula within Bulbostylis, as well as the concept of independent acquisition of
an Abildgaardia-Fimbristylis-type style base (Fig. 4). 
All three ML trees obtained in this work (Figs. 1-3) show very short branch
lengths for most of the species of the American clade, compared to the rest of the
species. Based on this fact, and considering the high morphological similarity of
species in the American clade, we might assume a rapid diversification of this
clade, which might result from the acquisition of some key structural innovation
possibly accountable for a burst  of  speciation. A thorough morphological  study
covering broadly distributed species of Bulbostylis might identify synapomorphies
for  the  American  clade,  and  thus  supporting  or  refuting  this  assumption.
Incorporation of additional  markers might  also contribute towards resolving this
polytomy;  moreover,  new  technologies  based  on  next-generation  sequencing
might better deal with difficulties posed by polyploidy, hybridization, and recent
radiations  (Harrison & Kidner,  2011);  Larridon et  al.  (2013)  mention  this  issue
regarding the polytomy obtained for the majority of C4 Cyperus spp. 
 Bulbostyllis conifera  and B. paradoxa appear as a moderately to highly-
supported monophyletic group in all analyses. Both species, along with B. funckii,
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are the only species native to America that fall outside the American clade in all
analyses. These three species show a contrasting morphology not shared with the
other American species, such as the presence of a caudex in  B. paradoxa, and
unispicate inflorescences in B. conifera and B. funckii.
Based on the reconstruction pattern of the native distribution presented in
this work, the ancestor of Bulbostylis-Nemum complex is likely to be African. It is
necessary to obtain sequences of the monotypic genus Nelmesia to test its likely
closeness to the Bulbostylis-Nemum complex, so far assumed on the basis both of
its African distribution (Goetghebeur, 1998) and its  Bulbostylis-type embryo (Van
der Veken, 1965). 
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Table 1. List of the samples used in the molecular analysis with species names, voucher information (collector,
number, and where the specimen is housed), country of collection, and GenBank accession for DNA sequences
of  ITS and  trnL regions  (bold indicates  new accession);  a  dash  (–)  indicates  missing  data;  *trated  as  in
Ghamkhar et al. (2007), but combination is not yet published; **Bulbostylis species included in López (2012),
and their informal infrageneric grouping; n.a.=not applicable data; sp1-sp7 are unpublished species included in
this study; sp8 is an unpublished specie included in Ghamkhar et al. (2007).
Taxon
Voucher (Herbarium 
Code) Provenance ITS trnL intron Group**
OUTGROUP
Abildgaardia ovata (Burm. f.) 
Kral V. Klaphake 1410 (NSW) Australia AY506758 AY506708 n.a.
Abildgaardia ovata (Burm. f.) 
Kral A. Reutemann 173 (SF) Argentina xxxxxxxx xxxxxxxx n.a.
Abildgaardia schoenoides R.Br. K. L. Clarke 70 (NE) Australia AY506761 AY506706 n.a.
‘Actinoschoenus composita’* 
(Fimbristylis composita Latz) K. L. Clarke 213 (NE) Australia AY506755 AY506702 n.a.
Arthrostylis aphylla R.Br. K. L. Clarke 183 (NE) Australia AY506757 AY506700 n.a.
Crosslandia setifolia W.Fitzg. K. L. Clarke 246 (NE) Australia AY506768 AY506718 n.a.
Crosslandia setifolia W.Fitzg. Cowie 13158 (DNA) Australia xxxxxxxx xxxxxxxx n.a.
Fimbristylis arnhemensis Latz K. L. Clarke 177 (NE) Australia AY506776 AY506722 n.a.
Fimbristylis autumnalis             
(L.) Roem. & Schult. L. Lucero 28 (SF) Argentina xxxxxxxx xxxxxxxx n.a.
Fimbristylis bisumbellata      
(Forssk.) Bubani K. L. Clarke 107 (NE) Australia AY506778 AY506724 n.a.
Fimbristylis cinnamometorum  
(Vahl) Kunth J. J. Bruhl 2058 (NE) Australia AY506772 AY506721 n.a.
Fimbristylis complanata           
(Retz.) Link A. Reutemann 37 (SF) Argentina xxxxxxxx xxxxxxxx n.a.
Fimbristylis cymosa R.Br. K. L. Wilson 10041 (NSW) Australia AY506798 AY506750 n.a.
Fimbristylis dichotoma (L.) 
Vahl M. G. López 376 (CTES) Argentina xxxxxxxx - n.a.
Fimbristylis dichotoma (L.) 
Vahl R. Ardissone 415 (ICN) Brazil - xxxxxxxx n.a.
Fimbristylis dichotoma (L.) 
Vahl A. Reutemann 103 (SF) Argentina - xxxxxxxx n.a.
Fimbristylis laxiglumis Latz K. L. Clarke 106 (NE) Australia AY506785 AY506736 n.a.
Fimbristylis pterigosperma 
R.Br. K. L. Clarke 118 (NE) Australia AY506794 AY506729 n.a.
Fimbristylis spadicea (L.) Vahl A. Reutemann 76 (SF) Argentina xxxxxxxx xxxxxxxx n.a.
Fimbristylis squarrosa Vahl A. Reutemann 63 (SF) Argentina xxxxxxxx xxxxxxxx n.a.
Fimbristylis tetragona R.Br. K. L. Clarke 173 (NE) Australia AY506799 AY506746 n.a.
Nemum atracuminatum         
Larridon, Reynders & Goetgh. S. Lisowski 5003 (PRE) Zaire xxxxxxxx xxxxxxxx n.a.
INGROUP
Bulbostylis aspera M.G.López R. Ardissone 117 (FLOR) Brazil xxxxxxxx xxxxxxxx 1
Bulbostylis barbata                   
(Rottb.) C.B.Clarke K. L. Clarke 113 (NE) Australia AY506764 AY506709 n.a.
Bulbostylis capillaris                 
(L.) C.B.Clarke R. Ardissone 384 (ICN) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis communis          
M.G.López & D.A.Simpson A. Reutemann 23 (SF) Argentina - xxxxxxxx 1
Bulbostylis communis          
M.G.López & D.A.Simpson A. Reutemann 181 (SF) Argentina xxxxxxxx - 1
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Bulbostylis conifera                   
(Kunth) C.B.Clarke Dias-Melo 116 (NY) Brazil - xxxxxxxx n.a.
Bulbostylis consanguinea         
(Kunth) C.B.Clarke R. Ardissone 197 (FLOR) Brazil xxxxxxxx xxxxxxxx 3
Bulbostylis contracta                 
(Kük.ex Osten) M.G.López & 
D.A.Simpson R. Ardissone 269 (FLOR) Brazil xxxxxxxx - 1
Bulbostylis cruciformis             
(Lye) R.W.Haines Faden 74/776 (PRE) Kenya xxxxxxxx xxxxxxxx n.a.
Bulbostylis densa                       
(Wall.) Hand.-Mazz. R.P. Glen 720 (PRE) South Africa xxxxxxxx - n.a.
Bulbostylis densa                       
(Wall.) Hand.-Mazz. V. Klaphake 1411 (NSW) Australia AY506763 AY506710 n.a.
Bulbostylis funckii                     
(Steud.) C.B.Clarke E. H. Roalson 1384 (RSA) Mexico AF190616 - 1
Bulbostylis hirtella                    
(Schrad. Ex Schult.) Nees ex 
Urb. R. Ardissone 200 (FLOR) Brazil xxxxxxxx xxxxxxxx 3
Bulbostylis hispidula                 
(Vahl) R.W.Haines L. Smook 9956 B (PRE) Namibia xxxxxxxx xxxxxxxx n.a.
Bulbostylis junciformis              
(H.B.K.) C.B.Clarke ex 
S.Moore R. Ardissone 189 (FLOR) Brazil xxxxxxxx xxxxxxxx 2
Bulbostylis juncoides                 
(Vahl) Kük. Ex Herter A. Reutemann 153 (SF) Argentina xxxxxxxx xxxxxxxx 3
Bulbostylis loefgrenii                
(Boeck.) Prata & López R. Ardissone 186 (FLOR) Brazil xxxxxxxx - 3
Bulbostylis loefgrenii                
(Boeck.) Prata & López A. Reutemann 158 (SF) Argentina - xxxxxxxx 3
Bulbostylis macra                      
(Ridl.) C.B.Clarke C.J. Kayombo 1725 (PRE) Tanzania xxxxxxxx xxxxxxxx n.a.
Bulbostylis mucronata 
C.B.Clarke D.S. Hardy 6511 A (PRE) Namibia xxxxxxxx xxxxxxxx n.a.
Bulbostylis paradoxa              
(Spreng.) Lindm. R. Ardissone 372 (ICN) Brazil xxxxxxxx xxxxxxxx 1
Bulbostylis pseudoperennis 
Goetgh. Malaisse 317 (PRE) Zaire xxxxxxxx xxxxxxxx n.a.
Bulbostylis pusilla                     
(Hochst. ex A.Rich.) 
C.B.Clarke Retief 1545 (PRE) Namibia xxxxxxxx xxxxxxxx n.a.
Bulbostylis rugosa M.G.López A. Reutemann 85 (SF) Argentina xxxxxxxx xxxxxxxx 1
Bulbostylis scabra                     
(J.Presl & C.Presl) C.B.Clarke A. Reutemann 100 (SF) Argentina xxxxxxxx xxxxxxxx 1
Bulbostylis scabricaulis Cherm. C. Reid 1728 (PRE) South Africa xxxxxxxx xxxxxxxx n.a.
Bulbostylis scleropus 
C.B.Clarke A. de Castro 478 (PRE) South Africa xxxxxxxx xxxxxxxx n.a.
Bulbostylis sphaerocephala    
(Boeck.) Lindm. A. Reutemann 161 (SF) Argentina xxxxxxxx xxxxxxxx 2
Bulbostylis sphaerolepis         
(Boeck.) Beetle A. Reutemann 169 (SF) Argentina xxxxxxxx xxxxxxxx 3
Bulbostylis stenocarpa Kük. R. Ardissone 162 (FLOR) Brazil xxxxxxxx xxxxxxxx 3
Bulbostylis striatella 
C.B.Clarke J. J. Bruhl 2084 (NE) Australia AY506765 AY506711
Bulbostylis subtilis M.G.López A. Reutemann 156 (SF) Argentina xxxxxxxx xxxxxxxx 3




& M.G.López A. Reutemann 159 (SF) Argentina xxxxxxxx xxxxxxxx 3
Bulbostylis sp1 R. Ardissone 370 (ICN) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp2 R. Ardissone 196 (FLOR) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp3 R. Ardissone 135 (FLOR) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp4 R. Ardissone 382 (ICN) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp5 R. Ardissone 27 (FLOR) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp6 R. Ardissone 352 (FLOR) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp7 R. Ardissone 418 (ICN) Brazil xxxxxxxx xxxxxxxx n.a.
Bulbostylis sp8 K. L. Clarke 184 (NE) Australia AY506766 AY506713 n.a.
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Fig. 1. Maximum likelihood tree inferred from analysis of nuclear ITS sequences.
Numbers  above  branches  represent  bootstrap  values  from  maximum
likelihood/parsimony  respectively;  numbers  below  branches  are  Bayesian
posterior probabilities.
58
Fig.  2.  Maximum  likelihood  tree  inferred  from  analysis  of  plastid  trnL  intron
sequences. Numbers above branches represent bootstrap values from maximum
likelihood/parsimony  respectively;  numbers  below  branches  are  Bayesian
posterior probabilities. 
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Fig. 3. Maximum likelihood tree inferred from analysis of combined trnL intron and
ITS sequences. Numbers above branches are bootstrap values from maximum




Fig.  4.  Reconstructed  ancestral  character  states  of  native  distribution  on  the
Bayesian MCMC majority rule consensus tree (15002 trees), and mapped of some
morphological  characters  discussed  in  the  text.  Branch  shading  indicates
parsimony  reconstruction.  Pie  charts  indicate  Bayesian  ancestral  characters
posterior probabilities at selected nodes. First number below charts indicates the
state with the highest likelihood based on the Bayes factor (the asterisks imply
Bayes  factor  >  2).  The  second  numbers  specify  the  state  indicated  by  the
parsimony reconstruction.
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Fig.  5.1-5.10. Character  states  of  fruit  micromorphology  in  South  American
species of  Bulbostylis according to López (2012) and López & Gonzalez (2017),
and style base structure in Abildgaardia, Bulbostylis and Fimbristylis according to
Reutemann  et  al.  (2012): 2.1-2.2-  Bulbostylis  aspera, fruit  exocarp  without
silicophytoliths (group 1), 2.3-2.4-  Bulbostylis sphaerocephala, fruit exocarp with
silicophytoliths of undefined shape, which occupy most of the cell containing them
(group  2), 2.5-2.6-  Bulbostylis  juncoides,  fruit  exocarp  with  silicophytoliths  of
defined shape, located at the center of the cell or eccentrically (group 3), 2.7-2.8-
Bulbostylis  juncoides,  style  base  type  Bulbostylis,  2.9-2.10-  Fimbristylis
complanata, style base type Abildgaardia-Fimbristylis,. References: ov, ovary wall;
sg, stigma; st, style; stb, style base. Scale bars = 50 µm.
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Fig. S1. Parsimony strict consensus tree of the ITS data set, produced from 864
most  parsimonious  trees  with  a  length  of  807  steps.  Values  above  branches
represent bootstrap supports (>50%).
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Fig. S2. Parsimony strict consensus tree of the trnL intron data set, produced from
6972 most parsimonious trees with a length of 171 steps. Values above branches
represent bootstrap supports (>50%).
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Fig. S3. Parsimony strict consensus tree of the combined ITS+trnL intron data set,
based on 198 optimum trees with a length of 1019 steps. Values above branches
represent bootstrap supports (>50%).
